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ABSTRACT
The Raystown Branch Juniata River watershed, which is the main water source for Raystown Lake, is a 960-square-mile (2,490 square kilometres) drainage basin in south-central Pennsylvania. Preimpoundment water-quality data were collected on the Raystown Branch and six tributary st. reams in the basin. Specific conductance values varied inversely with water discharge. The pH values were extremely low only at the Shoup Run site. Dissolved oxygen concentrations observed at all sites indicated a relatively high oxygen saturation level throughout the year. Seasonal variations in nitrate-N and orthophosphate-P levels were measured at the main inflow station at Saxton, Pa. The highest concentrations of nitrate-N and orthophosphate-P occurred in the winter and spring months and the lowest concentrations were measured dur:l.ng the swnmer and fall. Bacteriological data indicated no excessive -amounts of fecal matter present at the inflows.
Soil samples collected at four sites in the impoundment area were predominantly of the Barbour, Philo, and Basher series, which are considered to be highly fertile soils with silt-loam and sandy~loam textures. Morphological features of the lake basin and low nutrient levels at the inflows should prevent excessive weed growth around the lake perimeter.
INTRODUCTION Purpose and Scope
This interim report presents the preimpoundment water-quality of the Raystown Branch Juniata River and six tributary streams that have perennial flow into the impoundment area. Information collected on water quality, bacteria, sediment, and soils are used to describe the preimpoundment environmental condition and to predict the physical, chemical, and biological characteristics of the reservoir.
Background Information
The Raystown Branch Juniata River drainage basin is shown in figure 1 . The 960 mi2 (2,490 km2) basin lies in south-central Pennsylvania in Huntingdon, Bedford, and Fulton Counties. The nearest large city is Altoona, Pa. The watershed is approximately 57 mi (92 km) long with a maximum width of about 35 mi (56 km). It is bounded by the drainage divide of the Frankstown Branch to the north, the Allegheny Front to the west, the Potomac River divide to the south, and the Augwick Creek divide to the east.
The Raystown Branch rises on the west side of the Allegheny Front near Roxbury, Pa., and flows in an easterly direction for about 48 mi (77 km), then northerly in a generally sinuous course for about 76 mi (122 km} to its confluence with the Juniata River.
The Raystown Branch watershed is in the Ridge and Valley section of the Appalachian Highlands physiographic province and is underlain principally by shale and sandstone. The watershed is mostly wooded with only a small part in cultivation.
Construction of the dam was completed by the U.S. Army Corps of Engineers, Baltimore District, in November 1973. The dam is on the Raystown Branch, 5.5 mi (8.8 km) upstream from its confluence with the Juniata River. Raystown Lake was designed to provide flood control, recreation, and water-quality control of the outflowing water and to enhance the fishery resource. The recreation pool at elevation 786 ft (240 m) above mean sea level will have an area of 8,300 acres (3,360 ha) and will extend 30 mi (48 km) upstream. The flood control pool at elevation 812 ft (247 m) above mean sea level, with a surface area of 10,800 acres (4,370 ha) will extend 34 mi (55 km) upstream.
The Raystown Branch Juniata River at Saxton, Pa., (1-5620) has a drainage area of 756 mi2 (1,958 km2) which is 79 percent of the drainage area controlled by the dam. The quality of water at this site is essentially the quality of· water that is filling the lake. The six tributary sites have a combined drainage area of 155 mi2 (401 ~2), which is only 16 percent of the controlled drainage area. In July 1972, water-quality data collection was begun at 12 sampling sites. The name, station number, and drainage area for each water-quality site is listed in table 1. The locations of all sampling sites are shown in figure 2. Six water-quality sites were located on the main stem, four of which will become the primary impoundment sites when inundated. The other two main-stem sites were at the inflow and outflow. The six remaining sites were the principle tributary ' ,streams to the impoundment. Preimpoundment data collection at the four impoundment sites and the James Creek site was discontinued in May 1973 because of inaccessibility caused by backwater created by partial filling of the lake. Preimpoundment water-quality data collected at all 12 sites are listed in table 2.
WATER QUALITY
Inorganic and Physical pH
Values for pH at the Saxton site (1-5620.) ranged from 6.2 to 8.4 with a medi~n value of 7.1. This pH range was generally the same at all of the other sites with the exception of Shoup Run (1-5620.1), Great Trough Creek (1-5625.), and Coffee Run (1-5623.5). Shoup Run had a pH range of 3.2 to 4.4 with a median value of 3.7. This is an acid-bearing stream draining a coal mining area east of Saxton. The comparatively small amount of acid from Shoup Run does not adversely effect the main stem water quality, _ because of the relatively high buffering capacity of the main stem and the factor of dilution. Great Trough Creek was slightly acidic with a pH range of 5.4 to 7.3. -The upper reaches of this stream drain the same coal fields as Shoup Run, but _ the acid effect is much less, as demonstrated by the pH values. Coffee Run contained waters that were alkaline, having a median pH of 8.1.
Specific Conductance
An inverse relationship existed between stream discharge and specific conductance at the main inflow station at Saxton. Specific conductance was low during the winter and spring months, when surface water runoff increased the water discharge. Specific conductance was high throughout the summer and fall, when ground water had major effect on streamflow and water discharge decreased, indicating a higher concentration of dissolved solids during summer and fall. This indirect relationship between discharge and specific conductance is depicted in Figure 3 .
Seasonal variations in specific conductance values at Saxton are illustrated in Figure 4 . Specific conductance values at the other five main-stem sites paralleled those at Saxton, indicating no appreciable amount of dissolved solids entering the impoundment area through ground water or from surface water runoff.
Alkalinity
At the Saxton site a direct relationship existed between specific conductance and total alkalinity. As the alkalinity of the water increased, the specific conductance increased proportionately. Likewise, with a decrease in alkalinity, specific conductance decreased. This relationship is illustrated in figure 5 .
Only 1 out of 17 samples collected at Saxton had a pH exceeding 8.3, indicating little or no carbonate i~n concentration in the water. Therefore, the alkalinity was caused primarily by the bicarbonate ion concentration. A seasonal variation in alkalinity, similar to the seasonal variation in specific conductance was observed at Saxton and is illustrated in figure 4.
Dissolved Oxygen
The dissolved oxygen concentration of samples collected at the six mainstem sites ranged from 7.2 to 14.0 mg/1 (milligrams per litre). The percentage saturation range was from 85 to 121. At the six tributary sites, measured dissolved oxygen concentrations were from 7.0 to 13.8 mg/1 with a saturation range from 79 to 106. These data indicate adequate dissolved oxygen concentrations for sustaining diverse aquatic communities, or at least a good oxygen recovery from any polluted reach upstream from the sampling sites. There is s· ome indication of seasonal variation in nitrate-N concentrations, with higher concentrations in the winter and lower concentrations in the sunnner. The increase in the winter can be attributed to increased runoff, and lower concentrations in the summer can be due to nitrate-N assimilation by aquatic plants, phytoplankton, and bacteria. Ammonia-N concentrations were generally less than 0.10 mg/1, and organic nitrogen concentrations were all less than 0,92 mg/1. Low concentrations of these two nitrogen compounds indicate the stream to be mostly free of organic pollution.
Nitrogen and Phosphorous
Only on one occasion did the total phosphorous concentration exceed 0 .. 10 mg/1. The range was from 0.01 to 0.17 mg/1, and themedian was 0.03 mg/1. The orthophosphate-P concentration range was from 0.0 to 0.08 mg/1, and the median was 0.02 mg/1. As with nitrate-N, the highest orthophospate-P concentrations at the Saxton site occurred during the winter and the lowest concentrations during the summer. This seasonal variation in nitrate-N and orthophosphate-P concentrations is depicted in figure 4 . ... ., .,
... ...
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Total organic carbon (TOC) concentrations at the Saxton site ranged from 1.0 to 13.0 mg/1, and the median was 4.0 mg/1. Concentrations less than 6.8 mg/1 occurred 85 percent of the time. These relatively low TOC concentrations together with the near-saturated dissolved oxygen content indicated no excessive quantities of organic matter present at the main inflow. TOC concentrations at the five other downstream main-stem sites appr<?ximated those at Saxton. Similarly, TOC concentrations at the six tributary sites ranged from 0.0 to 12.5 mg/1, and the median was 3.0 mg/1. Pesticides A suspended sediment sample was collected at a main-stem site (1-5627.) during high water on November 9, 1972, and was analyzed for the common chlorinated hydrocarbon pesticides and organophosphate. Of the 20 compounds analyzed, only trace quantities of 2,4-D and 2,4,5-T were present in the water-sediment mixture. The compound 2,4-D is the best known of present herbicides. It is a plant hormone that stimulates growth, often to the extent of causing a plant to destroy itself. It is non-poisonous but may give water an unpleasant taste. The concentration of 2,4-D found in the water-sediment sample was 0.03 ug/1 (micrograms per litre). The compound 2,4,5-T is also a plant hormone that is almost insoluble in water. It has an estimated human toxicity of 0.6 g/kg (grams per kilogram). A concentration of 0.01 ug/1 was found in the watersediment mixture. A list and results of the compounds analyzed is given in table 3.
BACTERIOLOGY
Observed fecal coliform densities for the Raystown Branch at Saxton (1-5620.) ranged from 3 to 5,400 colonies per 100 ml (millilitres). The maximum densities were measured during high flow conditions. On six of nine sampling dates, the fecal coliform densities at Saxton were 100 colonies or less per 10q ml, which included three samples when the streamflow was low and temperatures were high. Fecal coliform densities tended to decrease in a downstream direction . at the other five main-stem sites. Fecal coliform densities measured at five of the six tributary sites showed no appreciable amount -of fecal matter entering these streams. Fecal coliform densities at the Coffee Run site (1-5623.5) indicated a greater ·degree of fecal contamination there. than at the other sites. The town of Entriken is less than 1 mi (1.6 km) upstream from the Coffee Run sampling site, and within a 1 mi (1.6 km) radius of this small town are from 15 to 20 farms, many of which raise various types of livestock. Septic tank effluents, along with livestock pollution, are probably the main contributing factors to the higher degree of fecal contamination at this site. "'tt Fecal coliform densities measured at the Shoup Run site (1-5620.1) were very low, and on four occasions they were less than 1 colony per 100 ml. The low pH common to this stream is probably not conducive to growth of fecal coliform bacteria.
The highest fecal streptococcal densities were coincident with the highest fecal coliform densities. Only on a few occasions were extremely high fecal strep densities recorded, and these occurred when the streams were high and turbid.
The fecal coliform-fecal streptococcal ratio (FC/FS) is a very useful analytical tool provided that the samples taken are not more than 24 hours from the source of pollution and the range in pH of the source water falls within 4.0-9.0. A FC/FS ratio of 4 or greater indicates the water most likely contains wastes of human origin, and a ratio of 0.7 or less indicates wastes of animal, particularly livestock origin. A ratio between 0.7' and 4 represents an area of uncertain interpretation.
At the six main-stem sites, 66 percent of all samples collected had a FC/FS ratio of less than 0.7, 7 percent of the samples had a ratio greater than 4, and 27 pe~ent of the samples had a ratio between 0.7 and 4. These data indicate the pollution to be predominantly of livestock origin. At the main-stem sites it is very difficult to determine if the sampling sites are within 24 hours flow of the pollution source; so, the reliability of these ratios are questionable.
At five of the six tributary sites 60 percent of all samples collected had a FC/FS ratio of less than 0.7, 6 ·percent of the samples had a ratio greater than 4, and 34 percent of the samples had a ratio between 0.7 and 4. Ratios at the Shoup Run site were not used because of the low pH range common to this stream.
At the Coffee Run site, where a higher degree of fecal contamination was evident, an FC/FS ratio of less than 0.7 occurred 55 percent of the time, and a ratio greater than 4 occurred only 9 percent of the time, indicating the pollution to be predominantly of livestock origin.
The die-off rate for fecal coliform and fecal streptococcal bacterial is rather rapid. There is less than 20 percent survival for fecal coliform bacteria after 7 days in 10° water (Millipore Corporation, 1974) . The die-off rate increases more dramatically at higher temperatures. A very-small percentage of the stream bacterial population will remain in the lake because of the short survival time of the fecal coliform bacteria and the relatively long retention . time of the lake water.l/ ll Theoretically, a complete exchange of water will take place in Raystown Lake every 229 days, based on an average annual inflow of 1,130 ft3/s (32 m3/s).
SEDIMENTATION.
The average-annual suspended-sediment load for the Raystown Branch Juniata River at Saxton, Pa., (1-5620.) is 68,000 tons or 90 t/mi2 (35 t/km2) (Williams and Reed, 1972) . This is considered a relatively low yield for a drainage basin in the Valley and Ridge physiographic province.
Particle size analysis of a suspended-sediment sample collected at a mainstem site (1-5627.) during a high flow condition indicated that 4 percent of the suspended sediment is sand, 50 percent is silt, and 46 percent is clay. This corresponds to data collected by Williams and Reed (1972) indicating that the average composition of suspended sediment in the Susquehanna River basin is fairly consistent, being ~pproximately 10 percent sand, 50 percent silt, and 40 percent clay.
Streambed samples were collected at three sites in the impoundment area (See fig. 2 ) and analyzed for particle size. In samples collected at two of the sites--Raystown Branch Juniata River near Marklesburg, Pa., (1-5624.) and Raystown Branch Juniata River near Hesston, Pa. (1-5627.)--64 percent of the bed material was silt and clay and 36 percent of the bed material was sand and gravel. At the third site, which is 0.8 mi (1.3 km) upstream from station 1-5630., .94 percent of the bed sample was silt and clay and 6 percent was sand and gravel. A complete breakdown of the particle size analyses at these three sites is in table 4.
Studies by Brune (1953) indicate that the trap efficiency for Raystown Lake, using the capacity-inflow ratio, should be 95 percent or greater.
The drainage area of the Raystown Branch Juniata River at Saxton is 79 percent of the total drainage area controlled by the dam. The average-annual suspended-sediment yield at this site is 68,000 tons; so, the total amount of suspended sediment entering the lake will be approximately 86,000 tons. With a trap efficiency of 95 percent, the annual loss in storage capacity of the lake will be about 62 acre-feet (0.076 hm3) or only 0.01 percent of the total capacity.
As mentioned earlier, the watershed is primarily wooded with only a small part in cultivation. No major sediment source areas such as strip mines or other disturbances exist in the drainage. With properly supervised development . of the basin, no serious sediment problem is likely to occur in Raystown Lake.
SOILS
Soil samples were collected at four sites in the impoundment area. (See fig. 2 .) Results of nitrogen and phosphorous analyses performed on the samples are in table 5. The soils were predominantly of the Barbour, Philo and Basher series (U.S. Department of Agriculture, 1972), which are highly fertile soils with silt-loam and sandy-loam textures. These soils are classified as deep and moderately well drained.
